so 



10 



15 



20 



(21) 
(31) 
(32) 
(33) 
(44) 

(H) 
(52) 



PATENT SPECIFICATION («) 1 496 017 



25 



30 



35 




Application No. 11470/75 (22) Filed 19 March 1975 
Convention Application No. 49/031916 
Filed 20 March 1974 in 
Japan (JA) 

Complete Specification published 21 Dec. 1977 
INT CL 2 D01F 9/00 C08L 5/00 
Index at acceptance 

B5B 32 TO9 3 7 Y 20 35 7°2Y 73 3 9 Y 363 365 367 368 369 38Y 400 401 402 
C3U 12B1 I b : !a 2 1 A 3 3 ?4 1 2 2 ^ 12B1A6C 12B1AX 12B1B1 

(54) PROCESS FOR PRODUCING PULLULAN FIBRES 

-a raits? ass ^tjsks? fibre — 

£ T , dec ° m P oses at about 250°C when heated in an absolutely dry state 
but does not melt at a temperature between room temperature w& Z AeJLl 
composition temperature thereof. Japanese Patent lSSk£) No !m9/73 
discloses a process in which pullulan is lowered in meltin? tSSmt bi "addLS 

containing less than 25% of water to extrusion at a temperature of 110° to ^2n°r 
under a pressure of 100 to 150 kg/cm 2 . temperature ot Liu to 120 C 

fihr<»^5l reSent ™ venti ? n Provides a process for producing a pullman-containine 

TnUfZ? ™ mpilSe f U ?^ g f 3 S P innin S solution an aqueoul solution^ of pXkn 

temSmtie^o fiW f Water ', ^ extrudin * * e spinning 7oE n at a 
temperature up to 100 C through a nozzle into a gas phase. 

. . , lile P«ll«lan referred to in the present invention is a linear high polvmer in 
mrougn i 3 tHmfcages, and has the molecular structure represented by the formula, 




N2OH - CH 2 0H 

more preferably 50° to 20°Q ana is extruded P throngh a ^oSbS K gi p'hase ' 
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The present inventors have found that pullulan can be easily spun at tempera- 
tures lower than those previously considered necessary, taking advantage of the facts 
that pullulan and cold water are homogeneously miscible with each other in all pro- 
portions, that an aqueous solution of pullulan is high in fibre-forming ability, and 
5 that an aqueous pullulan solution is stable over a long period of time. 5 

Pullulan has excellent water solubility, its solubility in cold water being higher ^ 
than that of other water-soluble polymer. For example, a conventional water-soluble 
polymer, polyvinyl alcohol, is scarcely soluble in cold water, though the extent of 
water solubility varies depending on the saponification degree of the polyvinyl alcohol, * 
10 and it is usual to prepare aqueous polyvinyl solutions by spraying steam at above 10 
110°C into the system to dissolve the polyvinyl alcohol. Another such polymer, 
carboxymethyl cellulose, has the disadvantage that when charged into water at one 
time, it forms undissolved lumps, making it difficult to obtain a homogeneous aqueous 
solution. Further, the viscosity of an aqueous solution of pullulan is far lower than 
15 that of a comparable aqueous solution of carboxymethyl cellulose or polyvinyl alcohol. 15 
This low viscosity, coupled with the specific water solubility of pullulan, has made 
it possible that the aqueous pullulan solution, when used as a spinning solution at 
the low temperatures specified above, is easily spun into filaments by extrusion through 
a nozzle into air, nitrogen or other gas. 
20 The pullulan used in the present invention can homogeneously absorb various 20 

amounts of water either in the form of steam or by water spraying or similar pro- 
cedure, and does not require any preliminary heating operation for homogeneous 
solution in water. Being non-crystalline and hence easy to handle, pullulan has marked 
advantages in the production of pullulan fibres, not least in that an aqueous pullulan 
25 solution is stable over a long period of time at any concentration, and does not under- 25 
go gelation or so-called "aging" phenomena as observed in aqueous starch solutions. 

It is an advantage of pullulan that the aqueous pullulan solution or pullulan 
melt is low in viscosity at relatively low temperatures and hence can be extruded 
at a relatively low extrusion pressure. The spinnability of an aqueous pullulan solu- 
30 tion or melt at the aforesaid relatively low temperatures is not only advantageous 30 
from the standpoint of thermal efficiency, but also has the great practical advantage 
that the temperature control and uniformity of temperature distribution can be 
facilitated to make the spun filaments uniform in quality. 

The tensile strength of starch fibres produced according to a known process 
35 is about 300 kg/cm a , whereas that of the pullulan fibre produced according to the 35 
process of the present invention is 2,520 kg/cm 2 and thus is more than 8 times the 
strength of said starch fibre (refer to Example 1 hereinafter). 

The water content of the pullulan spinning solution used in the present inven- 
tion is desirably in the range of 5 to 99 wt%, preferably 30 to 80 wt% and spun 
40 filaments can be obtained by properly balancing the temperature of the spinning solu- 40 
tion with the molecular weight of the pullulan, the shape and size of the spinning 
nozzle, and the extrusion pressure. For example, when a spinning solution of pullulan 
having a molecular weight of 150,000 is extruded through a cylindrical nozzle of 0.3 
mm in diameter and 1 mm in length at room temperature under a pressure of 1 
45 to 10 kg/cm 2 , the water content of the pullulan spinning solution is desirably in the 45 
range of 30 to 80 wt%, preferably 50 to 70 wt%. 

The pullulan may incorporate, in addition to water, as a plasticizer or softener, 
a polyhydric alcohol such as glycerin, sorbitol, maltitol, ethylene glycol, propylene 
glycol, polyethylene glycol or polypropylene glycol, or dimethyl sulphoxide. 
50 If necessary, the spinning solution may be subjected, in order to improve the 50 

physical properties of the spun filaments and fabrics obtained therefrom, to mixed- 
spinning in admixture with other water-soluble polymers such as polyvinyl alcohol, 
polyethyleneimine, poiyacrylamide, polyacrylic acid, sodium polyacrylate, polyvinyl 
pyrrolidone, polyethylene oxide, sodium alginate, carboxymethyl cellulose or hydroxy- 
55 ethyl cellulose, or an emulsion of a water-insoluble polymer such as polyvinyl acetate, 55 
polyethyl acrylate, polypropyl acrylate, poly n-butyl acrylate, polymethacrylic acid, 
polymethyl methacrylate, polypropyl methacrylate, polybutyl methacrylate, poly- 
styrene, polyvinyl chloride, polyvinylidene chloride, polyacrylonitrile or ethylenevinyl 
acetate copolymer. 

60 < Further, the spinning solution may incorporate inorganic and organic additives 60 

which include colorants such as pigments and dyes; antioxidants such as phenyl-«- 
naphthylamine, phenyl-/?-naphthylamine, N,N'-diphenyl-p-phenylenediamine, N,N'- 
di-jS-naphthyl-p-phenylenediamine, N,N' - diaryl - p - phenylenediamine, N - iso- 
propyl - N' - phenyl - p - phenylenediamine, aldol - a - naphthylamine, 6 - ethoxy - 

65 2,2,4 - trimethyl - 1,2 - dihydroquinoline, 1,1 - bis(4 - hydroxyphenyl)cyclohexane, 65 
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k 6 , i u "n er ^ ~A, buty l~,? ' cresol > 2,2' -methylene -bis -(4 - methyl - 6 - tert - 
K& y Li' 4 K ^ 0biS "u (6 " ^-butyl-3-methylphenol), syrenated phenol; 
ultraviolet light absorbers such as phenyl salicylate, p-octylphenylsaUcylate 4-tert- 
ESetr^ft ^ydroxybenz'ophenone, 2 ? hy&oxy?4 SSybenS- 
?' ^ dihydroxy - 4 - methoxybenzophenone, 2 - hydroxy - 4 - octoxybenzo- 
■ phenone, 2 - hydroxy - 4 - methoxy - 2' - carboxybenzophenone, 2,2' - dihydroxy - 
4,4 - dimethoxybenzophenone, resorcinol monobenzoate, 2 - (V - hydroxy 5' - 

SSf doffirS 3201 ? 5 ^ l UCh aS - Caldum Carb °" ate ' «** acSed'calcL 
S^pfSZ, ' talc alumina white, mica powder, aluminum sulfate and barium 
sulfate, and flame retardants such as antimony oxide, antimony silico oxide tris-ffl- 

Sf S£fn' h trisCcMoropropylWphate, triaCdu^rqpi^SS, 
tris(2 - bromoethyl)phosphate, tnphenylphosphite, tris(2 - chloroethvlbhosDhite 
cblormated paraffin and tetrabromoethane. i-uiorueinyypnospmte, 

fifl» 2 b 55f»y n F C °i diD l t0 ^ C present invention ma y be stretched in steam at 
modurus^d^re^ ^ * ^ » h "" d fa Stten ^ 

Simple pullulan fibres are useful in various fields, but are high in water solu- 
bffity so that it may be necessary to control the degree of water sduS or to 
msolubdize the pullulan fibres according to the practical requirements For £s rmr- 
^±J°r eC l P J lIlulan fibres can be ™°lubuized by crosslinking wfm crosshnk- 
fSL SS f/° r M^-group-containing compounds including aldehydes such as 
formaldehyde, acetaldehyde, n-butylaldehyde and glyoxal, various epoxy resms diiso- 
cyanates and methylol compounds such as dimemylol-urea and dLemJol emSe 
urea. Alternatively the puEulan fibres can be msolubilized by incorporating bi- 

Tfe T ^-J"? ^ ^r CI0SS ^ ±s fibres b y irramatLTKlht 
inm !L ™ n , POSSlblC - t0 ms , olu . blllze pullulan fibres by previously incorporating 
into > the pullulan spinning solution a mixture comprising a myofunctional monomer 
such as acrylamide, acrylic acid, methacrylic acid, 2-hydroxyemyl methacTyla^ or 
N-vmyl pyrrohdone and a polyfunction^ monomer such as ethylene S dimeth- 
acrylate a poyethylene glycol dimethacrylate such as diethylentrtrSVne or 
nonaejylene-glycol dimethacrylate, or methylene-bis-acrylamide, and an Swr such 
as nydrogen peroxide, ammonium persulphate, potassium persulphate cerium mn 

pSr^iTa^i^-™, 11 ^ s * phate > azo-biSu^o^^uVyf- 
peroxide, di-t-butyl peroxide, dicumyl peroxide, cumene hydroperoxide and t-butvl 
hydroperoxide spinning the resulting mixture to obtain 3£ fibres and thS 
crosslinking the fibres by application of heat, light or rSoTFurther hf order 
properly to control the water solubility of the pullulan fibX thS may be uS 
Z^l?™ 1 ^ , SOlu ^ 10n , a modified VMten prepared by subjecting pdlulan to 
tion nS a rSn ether ^ Ca -° n5 h y dro ?y alk yl ^cation, carfLy^rS^- 
tion, phosphattzation, oxidation, reduction or graft-copolymerization with a vinvl 

S^S? Y ange Wh f e te nodiBed pluula/isCater-Suble 
**££^^&£J^ fibie ° btaiDed by *» ^ of 

8! t£ ?r r « d ^ 0lV f^ Uite ? uickl ? not onl y in hot water but also in cold water, 
can SJSSif? 8 * 3 ° d Y ° Ung - S ? 0dulus of a sin S Ie fi bre are such that me fibre 
S?f y ^% pu V nt0 . p f ctical use even when it has not been stretched frefer 
to Examples 1 and 2 as hereinafter described). »"««isu ^reier 

$ S e ^J 8 *? of * e , fi bre has a beautiful silk-like gloss, 
are xSrkSy eSlentt^abm^"^ ^ ^ "* interior * ereof 
static^city'fnVL^ moisture-absorptive, so that it generates no 

the s ( k1n Tbe Sbre 18 ediWe ' non ' toxic ' tasteless a " d odorless, and is non-irritative to 

n , <2 *f en when burned, the fibre does not generate any poisonous gases such as 
nitrogen oxides and hydrogen chloride. Further, the fibre, after use, can be dSed 

Tbe P," 11 " 13 ? fibres can be made into paper by subjecting them to naper-makine 
either singly or in admixture with wood pulp, hemp or ramie fibres mW affSf' 
persant a hydrophilic low molecular weight alcohol such al Sanol Ithanol or 

pXL an fe r M byd r bi ^ ° rganic sol ^. s -b as ace^whTch! SnoSolve 
pullulan The thus obtamed papers are quickly soluble in water and excellent in 
Pnntabihty, and hence can be used as papers for secret documents" FurAer itS 
are edible and digestable, and hence can be used directly as inner packings for 
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medicines and as small bags for packing seasonings for convenience foodstuffs and 
for tea power, coffee, cocoa and similar foods. Furthermore, they are water-soluble 
and non-irritative to the skin, and hence can be used as women's sanitary towels, 
toilet papers and tissue papers. 

5 Alternatively, the pullulan fibres can be used as binders for non-woven fabrics, 5 

taking advantage of their tackiness. When fibres obtained from pullulan which has 
partly been water-insoiubilized, or formed pullulan fibres which have partly been 
water-insolubilized, are spun either singly or in admixture with other fibres, the 
resulting spun product can be used in underwear and other clothes, taking advantage ..* 

10 of the moisture-absorptivity, antistatic property and dyeability of the fibres. j ( 

The pullulan used in the present invention can be produced by any convenient 
method. It can be isolated and recovered as a tacky substance secreted in a culture 
liquor of a strain belonging to the genus Puttufarw. For example, a strain of the 
species Pullularia pullulans is cultured with shaking at 24°C for 5 days in a medium 

15 containing (by weight) 10% of partially hydrolyzed starch, 0.5% of K 2 HP0 4 , 0.1% 1 
of NaCl, 0.02% of MgS0 4 • 7H 2 0, 0.06% of (NH*) 2 S0 4 and 0.04% of yeast extract, 
whereby pullulan is obtained as a tacky substance secreted from the cells into the 
culture liquor. If desired, the cells are removed by centrifugation from the culture 
liquor, and the supernatant liquid is charged with methanol to deposit a pullulan 

20 precipitate. After repeated water dissolution and methanol precipitation, purified 2 
pullulan can be obtained. Pullulan varies somewhat in physical properties depending 
on the kind of strain used, but this does not greatly influence its use in fibres. 

The molecular weight of the pullulan used in the present invention is not par- 
ticularly critical, but is preferably in the range of 10,000 to 5,000,000. 

25 The present invention is illustrated in detail below with reference to examples. 2 

Example 1 

Pullulan having a molecular weight of about 150,000 was dissolved in water to 
prepare a spinning solution containing 40 wt% of said pullulan. The spinning solu- 
tion was extruded at room temperature (23 °C) under a pressure of 2 kg/cm 2 through 

30 a cylindrical nozzle of 0.3 mm in diameter and 1 mm in length into air at room 3( 

temperature. The strand from the nozzle was wound up by means of a winding 
machine, whereby spun filaments were obtained. The thus obtained filaments were 
about 20 microns in diameter, and the unstretched fibre had a tensile strength of 
2,520 kg/cm 2 , an elongation of 20% and a Young's modulus of 15,000 kg/cm 2 . 

35 When dipped into water at room temperature, the fibre dissolved virtually instant- 3f 

aneously. 

Example 2 

A pullulan fibre spun under the same conditions as in Example 1 was stretched 
in steam at 90°C to three times the original length thereof. The thus stretched 
40 pullulan fibre had a tensile strength of 2,900 kg/cm 2 , an elongation of 17%, and a 4 
Young's modulus of 28,000 kg/cm 2 . When dipped into water at room temperature, 
the fibre dissolved instantaneously. 

Example 3 

Pullulan having a molecular weight of about 200,000 was adjusted to a water 
45 content of 30 wt% by spraying water thereto. The pullulan thus treated was extruded 

at 70°C under a pressure of 30 kg/cm 2 through a cylindrical nozzle of 0.5 mm in 
diameter and 1 mm in length into air at room temperature, and the resulting fila- 
ments were wound up. The filaments were about 30 microns in diameter, and the 
unstretched fibre had a tensile strength of 2,610 kg/cm 2 , an elongation of 18%, and 
50 a Young's modulus of 16,500 kg/cm 2 . When dipped into water at room temperature, 

the fibre dissolved instantaneously. * 

WHAT WE CLAIM IS: — 

1. A process for producing a puUuten-dontaining fibre, which comprises using 
as a spinning solution an aqueous solution of pullulan or a melt of pullulan plasticized 

55 with water, and extruding the spinning solution at a temperature up to 100° C 

through a nozzle into a gas phase. 

2. A process according to Claim 1, wherein the spinning solution contains 5 
to 99 wt% of water. 

3. A process according to Claim, 1 or 2, wherein a plasticizer or a softener is 
60 incorporated in the spinning solution. 

4. A process according to Claim 3, wherein the plasticizer or softener is glycerin, 
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^te^i^ Pr ° PylenC ^ P ° lyethylene gIyC0l > P^y^e 
^ntLVff?' T^ 8 t0 ™Z ° ne 0f P re «ding claims, wherein the spinning 
Soluble poller? ^ * water - solubI e Polymer or an emnlsion of water? 

vinJ'^rJ^ 8 , a £°F din ? ? Claim 5, wherein the water-soluble polymer is poly- 5 

1 f JS ? f Polyediylenemnne polyacrylamide, polyacrylic acid, sodium polyacryl- 

& SW^Sl3aS? ed ^ 0XidC ' S ° diUm 3lginate ' ^oxymetEylVu- 

vinvt 7 ;^° CeSS i ac 5° rdin V° Claim 5 = wherein the water-insoluble polymer is poly- i 0 
™1 ^^i! dyetfaykcrylate, polypropylacrylate, pdy-n-butylacrylatefpolyiieth. 

2 aad > Polymethylmeuiacrylate, polypropylmethacrylate, ^lybutylmemacrylate, 
P 5Etalt ^mS hl0nde3 P^^chloride, polyacryUri^ or ethylene-' 

* n hJ' A - accordin S t0 aQ y one of the preceding claims, wherein the spinnine 15 

^ n fi.w Ud !i 8 / a « l0Urant ' !° d/or antioxida nt and/or ultraviolet light & 15 
and/or filler and/or flame-retardant. 8 

9. A process according to any one of the preceding claims, wherein the snin- 

riiti^f?^ 3 r no - functio ^ corner, a polyfunctioS monomer S 

or Son SSriESi" 3 Water " i — d fibre by apphcation of heat, light 20 
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10. A process according to Claim 9, wherein the monofunctional monomer is 
py2S£ 3CryIlC aCld ' methacr y lic acid > 2-hydroxyethyl memacrylate,TrTv[nyl 



ic a V P^cess according to Claim 9 or 10, wherein the polyfunctional monomer 25 
JhSff i E f lyC01 dlm ethacrylate, diethylene glycol dimethacrylate, triemy ere Xol 
dimediacrylate, nonaethykne glycol dimethacrylate or memyleLbis-acrylaS 
W J' A P roce ! s according to Claim 9, 10 or 11, wherein the initiator is hydrogen 
peroxide, ammonium persulfate, potassium persulfate, cerium (IV) ammon urn nkrf te 

S£ ^ amm ° nium , SUlfate ' a ™bis-isobutyronittile, t-butylpeSe? d^-SutS 30 
peroxide, dicumylperoxide cumene hydroperoxide or t-butyl hydroperoxide Y 
■ iii* P^ess according to any one of Claims 1—8 followed by the steo of 
£ST*f fibre °y .cross-linking with formaldehyde, acetaldehyle, nSty? 
aldehyde glyoxal, epoxy resin, diisocyanate, dimethylolurea or dimethylolethVleneurla 
• i ui- * P ro _ ces l according to any one of Claims 1—8 followed by the steo of 35 
insolubdismg the fibre by treatment with a bichromate and irraXSonwS St 

««& «?S1S^ a^-S-c * e precedins claimS5 whcrein fibre is 40 

referSceV^eT^Kagf 11 " deScribed with 

18. A fibre obtained by a process according to any one of the preceding claims 
^19. An insolubihsed fibre obtained by a process according to any one of S 45 



J. A. KEMP & CO., 
Chartered Patent Agents, 
14, South Square, 

Gray's Inn, 
London, W.G1, 



P n i u t r C L f ^ r L He i, Ma j esty,s Sta tionery Office, by the Courier Press, Leamington Spa, 1977 
Published by The Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from 
which copies may be obtained. 



